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(57) This invention relates to a hydrotreatigg-cata- 
lyst for a hydrocarbon oil. its preparation, and also to a 
process for hydrotreating the hydrocarbon oil by using 
the catalyst. More specifically, the present invention is 
concerned with a hydrotreating catalyst formed by hav- 



ing a hydro ^nation-active component supported on a 
silica-alumina carrier and having a specific pore distri- 
bution and also with a hydrotreating process making use 
of the catalyst for the rerrroval of sulfur compounds and 
nitrogen compounds from a hydrocarbon oil. 
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Description 

References to Related Applications: 

5 This application claims the priority of Japanese Patent Application No. HEI 09-1 26527 filed April 30, 1 997. which 

is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a hydrotreating catalyst for a hydrocarbon oil and also to a process tor hydrolreating the 
hydrocarbon oil by using the catalyst. More specifically, the present invention is concerned with a hydrotreating catalyst 
formed by having a hydrogenation-active component supported on a silica-alumina carrier and having a specific pore 
?5 distribution and also with a hydrotreating process making use of the catalyst for the removal of sulfur compounds and 
nitrogen compounds from a hydrocarbon oil. 

Backgrouhd of trie invention 

20 A variety of hydrotreating catalysts with oxides or sulfides of Group VI metals, Group VIII metals and the like ol 

the Periodic Table supported on refractory inorgank; oxides, such as alumina, silica-alumina, magnesia and zirconia, 
as carriers have been developed and widely used to date for the hydrotreatment of petroleum hydrocarbon oils. Such 
hydrotreating catalysts are used^ for example, for the hydrodesulfurization. hydrodenitrogenation and hydrocracking 
of distillates and residual oils from atmospheric distillatk>n or vacuum distillation processes, the hydrorefining of lubricant 

2S oil fractions, the hydrogenating isomerizalion of wax fractions, and the like. It has been increasingly recognized that 
the pores and pore distribution of a hydrotreating catalyst are important key factors (or its activity and activity-mainte- 
nance ability in the hydrotreatment of various hydrocarbon oils. This recognition has therefore led to proposals such 
as a hydrotreating process making use of a catalyst, which has a pore distribution that the volume of pores having radii 
of 80 A and greater is limited to 1 0% or less of its overall pore volume, in order to prevent asphalt and metal-containing 

30 compounds from penetrating from a feed oil into its pores (see JP Kokoku 45-38142) and a hydrotreating process 
making use of a catalyst, in which pores having radii of 120 A and smaller are rather evenly distributed at intervals of 
10 A. in hydrodesulfurization ot a residual oil (see JP Kokoku 4538143). In addition, a hydrodesulfurization catalyst for 
crude oil or topped crude is also disclosed, in which the volume of pores having diameters in a range of from 50 to 1 00 
A is controlled at least 50% of the overall pore volume of the catalyst and the volume of pores having diameter in a 

35 range of from 0 to 50 A is controlled at most 25% of the overall pore volume of the catalyst (see JP Kokai 47-1 0356). 

Further, the present applicant has also proposed a hydrotreating catalyst with a hydrogenation-active component 
such as molybdenum, cobalt or nickel supported on a silica-alumina carrier containing 2 to 40 wt.% of silica, in which 
the volume of pores having diameters of 300 A and smaller is controlled to account for 80% or more of the overall pore 
volume of the catalyst and the pores are controlled to distribute over both categories of micropores and macropores 

40 (see JP Kokoku 5-39662). 

However, with a view to meeting the demand for more stringent hydrodesulfurization from the viewpoint of envi- 
ronmental conservation, the development of hydrodesulfurization catalysts, each of which contains pores of relatively 
small diameters In an increased volume and thus has a high specific surface area, has been the subject of a great deal 
of conventional work with a primary objective focused on improvements in desulfurization activity. As a corollary to 
this, there is an outstanding need for further improvements in den ft rog en at ion activity. 

Hydrocarbon oils include those containing nitrogen compounds, for example, basic nitrogen compounds such as 
pyridines, amines and amides and weakly acidic nitrogen compounds such as pyrroles at high levels. If these hydro- 
carbon oils are used as fuel oils as are, they become a cause of air pollution. This is certainly not preferred from the 
standpoint of environmental conservation. Further, catalytic cracking or catalytic reforming of a hydrocarbon oil with 

50 nitrogen compounds contained therein involves a problem that the nitrogen compounds cause a significant reduction 
in the activity of a cracking catalyst or reforming catalyst and hence induce a reduction in the yield of a product. It has 
therefore been an important theme to achieve high-efficiency denitrogenation of a hydrocarbon oil. 

Incidentally the attainment of highly distributed support of an active metal component on a carrier requires an 
increase in the specific surface area of the carrier. An increase in the volume of pores of relatively large pores effective 

^5 for an improvement in denitrogenation activity, however, results in a problem that the specific surface area is decreased. 
Under such development situations, the development of a hydrotreating catalyst of a high surface area, which is ex- 
cellent in both desulfurization activity and denitrogenatk>n activity, has been strongly desired. 

With the foregoing development situations, the present invention has as primary objects thereof the novel devsl- 
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opments of a hydrotreating catalyst having both high dosulfurization activity and high denilrogenation activity and a 
hydrotreating process of a hydrocarbon oil by using the hydrotreating catalyst. 

With a view to attaining the above-described objects of this invention, the present inventors have proceeded with 
extensive research. As a result, it has been found that a hydrotreating catalyst with the volume of pores of relatively 

s small diameters retained at a certain level and also with pores of relatively large, specific diameters increased in volume 
can promote a hydrodenitrogenation reaction and such a hydrotreating catalyst can be produced by controlling condi- 
tions lor the preparation of an aluminum hydrate as a raw material component. The present inventors have also been 
interested in a finding that use of the hydrotreating catalyst makes it possible to effectively eliminate both sulfur com- 
pounds and nitrogen compounds from a hydrocarbon oil Based on these findings, the present invention has come to 

10 completion. 

Tine present invention relates in a first aspect thereof to a hydrotreating catalyst composed of a carrier, which is 
formed of silica-alumina containing silica in a proportion of from 2 to 40 wt.% based on the whole weight of the carrier, 
and at least one hydrogenation-active metal component supported on the carrier, characterized in that: 

IS (1) the volume of pores having diameters in a range of from 30 to 100 A as measured by the nitrogen adsorption 

method accounts lor 50 to 70% of the volume of pores having diameters in a range of from 0 to 1 50 A as measured 
by the nitrogen adsorption method, and the volume of pores having diameters in a range of from 1 00 to 150 A as 
measured by the nitrogen adsorption method accounts for 1 5 to 40% of the volume of pores having diameters in 
a range of from 0 to 300 A as measured by the nitrogen adsorption method; 

20 

(2) the volume of the pores having the diameters in the range of from 0 to 300 A as measured by the nitrogen 
adsorption method accounts for at least 70% of the volume of pores having diameters ol 40 A and greater as 
measured by the mercury porosimetry; and 

2S (3) the catalyst has a specific surface area of at least 200 m2/g. 

The present invention also relates in a second aspect thereof to a process for the hydrotreatmenl of a hydrocarbon 
oil. characterized in that the hydrocarbon oil is brought into contact with hydrogen in the presence of the above-de- 
scribed hydrotreating catalyst. 

30 

Detailed Description of the Invention 

The present invention will hereinafter be described in detail. In the hydrotreating catalyst according to the present 
invention, the carrier is silica-alumina, which contains silica. Preferred as the silica-alumina is one having a structure 

35 that silica layers are formed on surfaces of alumina as a core. The silica component in the silica-alumina carrier is 
suited for the control of the solid acidity of the catalyst, and can provide the catalyst with strongly acidic sites and hence 
with increased cracking activity. The content of silica in the carrier may be in a range of from 2 to 40 wt.%, preferably 
from 5 to 35 wt,%. more preferably from 7 to 20 wt.% based on the whole weight ol the carrier. A silica content in 
excess of 40 wt.% promotes cracking of a feed oil, resulting in a pro!jlem4t:^the thus hydrotreated oil become lighter 

40 As the alumina compo pent of the silica-alumina, any one/^TVatyjrrii^a^ x-a'umina and ri-alumina or a mixture 

thereof is preferred. No particular limitation is imposed on the crTslalline form of the alumina component insofar as it 
can provide the hydrotreating catalyst of the present invention with the above described specific pore distribution and 
characteristic values. 

It is also possible to add. to the silica-alumina, another refractory inorganic oxide material, for example, one or 
more inorganic oxides selected from the group consisting of magnesia, calcium oxide, zirconia, titania, boria, hafnia, 
crystalline zeolite and the like. The content of the refractory inorganic oxide material may preferably be in a range of 
from 0.1 to 10 wt.% based on the total weight of the carrier. These refractory inorganic oxides, for example, magnesia 
can decrease strongly acidic sites of the silica-alumina and the like and, at the same time, can increase weakly acidic 
sites to improve the selectivity of the catalyst. 

50 As a process for the preparation of a silica-alumina carrier usable as the carrier for the hydrotreating catalyst of 

the present invention, it is possible to adopt inter alia a process in which a silica gel and an alumina gel are prepared 
in advance and are then mixed together, a process in which a silica gel is immersed in a solution of an aluminum 
compound and a basic substance or acidic substance is added in an appropriate amount to make an alumina gel 
deposit on the silica gel, a process in which a basic substance or acidic substance is added to a uniformly mixed 

ss solution of a water-soluble aluminum compound and a water soluble silicon compound to co-precipitate them together 
Adoption of the following process is however preferred to obtain a silica-alumina carrier having physical properties, 
such as pore distribution and characteristic values, required tor the hydrotreating catalyst of the present invention. 
Namely, as a process for the preparation of a silica-alumina carrier for use in the hydrotreating catalyst according to 
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the present invention, it is suited to form an alumina gal and then to make a silica gel deposit. A specific embodiment 
of the preparation process can be exemplified as will be described next. 

To an aqueous solution which has been obtained by adding an acidic or alkaline aluminum compound to warm 
water of about 50 to about BO^C, an acid or an alkali hydroxide is gradually added to control the pH of the solution 
5 within a range of from about 7 to 11, preferably from 8 to 10 over a predetemained time, whereby an alumina gel is 
caused to precipitate. The thus-precipitated alumina gel is then allowed to age at the same temperature for 0.2 to 1 .5 
hours, to which an aqueous solution of an alkali silicate and, it necessary, a mineral acid solution are added to adjust 
the pH to a range of from about 7 to 11. The resulting mixture is then maintained at a temperature of from about 50 to 
about 80''C for 0.2 hour, so that a silica gel is caused to deposit on the alumina gel. 
10 More specifically, it is preferable to adopt a process which comprises gradually adding an acidic or alkaline aqueous 

solution to an aqueous solution of a raw noaterial aluminum compound to adjust the pH of the resulting mixture to pH 
8 to 10 over about 5 minutes to about 30 minutes, whereby an alumina gel is formed; and then adding an aqueous 
solution of a silicon compound as a raw material in a predetermined amount to the thus-obtained alumina gel while 
maintaining the pH at the above-set value, whereby silica layers are formed on the alumina gel as a core. The prepa- 
ys ration o1 an alumina gel under such conditions makes it possible to obtain a carrier with its pore distribution controlled, 
and the addition of a silica gel to the alumina gel within the predetermined pH range makes it possible to form silica 
layers with good bonding between alumina and silica. 

As a raw material for alumina, It is possible tc i;ss a vvator-soluble compouna, ior example, a water soluble acidic 
aluminum compound or a water-soluble alkaline aluminum compound. Specific usable examples.can include the sul- 

20 fate, chloride and nitrate of aluminum; alkali metal aluminates, aluminum alkoxides; and other inorganic and organic 
salts of aluminum. On the other hand, usable examples of the waler-sotuble silicon compound can include alkali metal 
silicates such as sodium silicate (preferably, NasO: SiOg = 1 :2 to 1 :4) ; tetraalkoxysilanes; and orthosilicate esters. These 
aluminum compounds and silicon compounds can be used in the form of aqueous solutions. No particular limitation is 
imposed on their concentrations, so lhat their concentrations can be determined as desired. Nonetheless, a range of 

2S about 0.1 to about 4 moles/^ is preferable as the concentration of a solution of an aluminum compound. 

Subsequent to the completion of the above described deposilran of the silica gel on the alumina gel, the precipitate 
is collected by filtration, washed with a solution of ammonium carbonate and water to remove its impurity ions. It is 
then subjected to treatments such as drying and calcinalran so that the precipitate Is finished into an alumina-silk;a 
carrier in which alumina is formed as a core and silica is deposited on the core. 

50 The drying can be conducted by heating the washed precipitate at room temperature to about 200** C in the presence 

or absence of oxygen. The calcination can be carried out by heating the dried precipitate to a temperature in a range 
of from about 200 to about 800*'C, preferably from about 600 to abut 700*0 In the presence of oxygen. 

Usabie Examples of the hydrogenatlon-active metal component supported on the carrier can include one or more 
metals selected from the group consisting of Group VI metals and Group VIII metals of the Periodic Table. The Periodic 

3S Table of the Elements referred to herein is the one published by Sargent-Welch Scientific Company, Catalog No. S- 
18806, Copyright 1 980. Described specifically, one or more metals can be selected tor use in the present invention 
from the group consisting of chromium, molybdenum and tungsten in Group VI and iron, cobalt, nickel, palladium, 
platinum, osmium, iridium, ruthenium, rhodium and the like in Group VIII. A combination of a Group VI metal and a 
Group VIII metal, for example, a combinatron of molybdenum-cobalt, molybdenum-nickel, tungsten-nickel, molybde- 

40 num-cobatt nickel, tungsten-cobalt-nlckel or molybdenum-tungsten cobalt-nickel is particularly preferred for the hy- 
drodesulfurization and hydrodenitrogenation of a hydrocarbon oil. It is also possible to additionally use a Group VII 
metal of the Periodic Table, for example, manganese and a Group IV metal of the same Table, for example, tin, ger- 
manium, lead or the like in combination with these active metal components. 

It is preferable to have these hydrogenation active metal components supported in the form of oxides and/or 

4s sulfides. The sulfides can be prepared by presulfurization of the catalyst as will be described subsequently herein. 

The hydrogenation active metal component can be supported by an impregnation method wherein a carrier is 
immersed in a solution of a soluble salt of the metal component to introduce the metal component into the carrier, a 
precipitation method that upon preparation of a carrier, the metal component is caused to precipitate at the same time, 
or a like method. Any other method may also be used, but the impregnation method is preferred because it is easy in 

50 operation and is convenient for the stabilization and maintenance of physical properties of the catalyst. As an impreg- 
nating operation, the carrier is immersed in an impregnating solution at room temperature or higher, and Is then held 
there under conditions requ ired to achieve sufficient impregnatbn of the carrier with the desired component. The volume 
and temperature of the impregnating solution can be adjusted as desired so that the active metal component can be 
supported in a desired quantity Further, the amount of the carrier to be Immersed in the impregnating solution can be 

^5 determined depending on how much active metal component is desired to be supported. 

The supporting of the hydrogenatk>n-active metal component on the carrier through impregnation can be carried 
out by any method such as a one-step impregnation method or a two-step impregnation method. Two or more metal 
components may be supported by preparing a mixed solution of the two or more metal components beforehand and 
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then simultaneously impregnating the carrier with them from the mixed solution (one-step impregnation method). They 
can also be supported by separately preparing solutions ot the two or more metal components and then to successively 
impregnating the carrier with the solutions (two-step impregnation method). In the preparation ot the hydrotreating 
catalyst for use In the present invention, no particular limitation is imposed on such an impregnation method. Any 
5 impregnation method can be adopted as desired. For the hydrotreating catalyst according to the present invention, it 
is however preferred to have one or more metals, which are selected from the group consisting ot Group VIII metals 
of the Periodic Table, supported on the above-described silica-alumina carrier (first step) and then to have one or more 
metals selected from the group consisting of Group VIB metals of the same Table (second step). Specifically, one or 
more metals are selected for use in the first step from the group consisting of iron, cobait, nickel, palladium, platinum, 

10 osmium iridium, ruthenium and rhodium in Group VIII of the Periodic Table. Preferably, cobalt and nickel can be used 
either singly or in combination. For use in the second step» on the other hand, one or more metals are selected from 
the group consisting of chromium, molybdenum and tungsten in Group VIB of the Periodic Table. Preferably, molyb- 
denum and tungsten can be used either singly or in combination. Further, a third metal from Group IV or Group Vlt of 
the Periodic Table can also optionally be added as described above. 

IS Concerning the supported quantities ot the hydroge nation-active metal components in Group VIII and Group VIB 

of the Periodic Table, they may be, as expressed in terms of an oxide, from 0.5 to 20 wt.%, preferably from 1 to B wl. 
%, more preferably from 2 to 5 wt.% in the case of a Group VIII metal, and from 5 to 30 wt.%, preferably from 8 to 25 
wt.%, more preferably from 15 to 20 wt.% in the case of a Group VIB metal, all baseti on ihe whoie weight of the 
cs\B\ys\. A quantity of the Group VIII metal smaller than 0.5 wt.% cannot bring about any sufficient desullurization and 

20 denitrogenation activities. On the other hand, a quantity of the Group VIM metal greater than 20 wt.% results in an 
increase in the metal component in a free form not bonded with the carrier and, accordingly, in the formation of a 
composite oxide inactive with the Group VIB metal. As a result, the dispersibility of the Group VIB metal is lowered, 
thereby developing a problem that the catalytic activities are lowered. On the other hand, a quantity of the Group VIB 
metal smaller than 5 wt.% is also unable to provide desulfurization and denitrogenation activities, while a quantity of 

25 the Group VIII metal greater than 30 wt.% leads to a problem that the dispersibility of the metal component is lowered 
and: further, a problem that the cocatalyst effects of the Group VIII metal are not exhibited. The hydrotreating catalyst 
according to the present invention can be in any shape, including cylindrical shapes, granular shapes, tablet shapes, 
and other shapes such as a quatrefoil in cross -sect ion, and can be produced by a forming method such as extrusion 
or granulation. The preferable diameter of the shaped product may be in a range of from 0.5 to 3.0 mm. 

30 The carrier impregnated with the hydrogenation active metal component is subjected, after separation of the im- 

pregnating solution, to water washing, drying and calcination. Drying and calcination conditions can be substantially 
the same as the above- described conditions for the carrier, but a range of from about 400 to about 550**C is preferred 
as the calcination temperature. 

The hydrotreating catalyst according to the present invention can be produced by adopting the above described 

35 methods, and is composed of a carrier, which is formed of sifica-alumina containing silica in a proportion of from 2 to 
40 wt.% based on the whole weight ot the carrier, and at least one hydrogenation-active metal component supported 
on the carrier, and features that; 

(1) the volume of pores having diameters in a range of from 30 to 100 A as measured by the nitrogen adsorption 
^ method accounts for 50 to 70% of the volume of pores having diameters in a range of from 0 to 1 50 A as measured 

by the nitrogen adsorption method, and the volume of pores having diameters in a range of from 100 to 150 A as 
measured by the nitrogen adsorption method accounts for 15 to 40% of the volume of pores having diameters in 
a range of from 0 to 300 A as measured by the nitrogen adsorption method; 

4s (2) the volume of the pores having the diameters in the range of from 0 to 300 A as measured by the nitrogen 

adsorption method accounts for at least 70% of the volume of pores having diameters of 40 A and greater as 
measured by the mercury porosimotry; and 

(3) the catalyst has a specific surface area of at least 200 m^/g. As praf erred embodiments^ the present invention 
50 can provide: 

(1) a hydrotmatiog-catol vst composed of a carrier w hich is formed of silica-alumina having a structure with 
silica layers formed on surfaces of alumina as a core and containing silica in a proportion of from 2 to 40 wt. 
% based on the whole weight of the carrier, and at least one hydrogenation-active metal component supported 
on the carrier, characterized in that: 

(1) the V QtgffmlQLporea^ avina di ameter^n a r ange of froy n^ ao to 100 A as measuied_bv_the n it f op en 
adsorption niethod accounts for 50 to 70% oLtb^^liiiBeiOf ™regLbavina diameters in aranoe of from 0 
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IS 



tg/150 A as measured by the nitrogen eralofption metb ^. and the ^gju^^f^gnas having-diameters in 
aT^nna nf f rr^ryj •^nruo.j,5QsA«aa-m easured bvJhejiitiPQen adsorpt io n m ethod ap countsJo r^^^^ 
volu me o f pores having d iameters in a range of f rom 0 to 300 A as measured b y t^^ 
melnoa, ■" " " .^.^-^^ ^ ^ .-^-^ 



(2) the wlum e of tha.pores j»navino the d iameters in the range of fr< XTi 0 to 30 0 A as measured by the 
ni trogen acfsorption metho d acc ounts f or afidSyf 60% of the volum©'of*pores'Ka>7in§^anTete 
and greater as measure^gby^ne m'ercury pdroi§tmetry,' ^ ■ . .^..^.^.^ ^.- u . ■ ... ^ , . 

(3) the pores having the diameters in the range of from 0 to 300 A as measured by the nitrogen adsorption 
method have an average pore diameter of from 40 to 100 A, ^"'^^ ^^^^ t s^ 

(4) the volu me of jhe pores having the diameters of 40 A and greater as measured by the mercury po- 
rosimetry is'Worn'a^to 0.65 m!/g, and 

(5) the catalyst has a specific surface area of at least 200 m^/g; and 

(m) a iTy ^reireaiing ca Tiaiy^i composed oi a carrier, which is formed oi sHica-alumina having a structure with 
silica layers formed on surfaces of alumina as a core and containing silica in a proportion of from 2 to 40 wt. 
% based on the whole weight of the carrier, and at least one hydrogenation-active metal component supported 
on the carrier, characterized in that: 

(1 ) the volume of pores having diameters in a range of from 30 to 100 A as measured by the nitrogen 
adsorption method accounts for 55 to 65% of the volume of pores having diameters in a range of from 0 
to 150 A as measured by the nitrogen adsorption method, and the volume of pores having diameters in 
a range of from 1 00 to 150 A as measured by the nitrogen adsorption method accounts for 16 to 30% of 
the volume of pores having diameters in a range of from 0 to 300 A as measured by the nitrogen adsorption 
method, (2) the volume of the pores having the diameters in the range of from 0 to 300 A as measured 
by the nitrogen adsorption method accounts for at least 80% of the volume of pores having diameters of 
^0 40 A and greater as measured by the mercury porosimetry. 

(3) the pores having the diameters in the range of from 0 to 300 A as measured by the nitrogen adsorption 
method have an average pore diameter of from 65 to 95 A, 

(4) the volume of the pores having the diameters of 40 A and greater as measured by the mercury po- 
rosimetry is from 0.4 to 0.65 ml/g, and 

(5) the catalyst has a specific surface area of at least 200 m^/g; and 

^ As a preferred embodiment of a hydrotreating process of a hydrocarbon oil. the present invention can 

also provide; 

(III) a hydrotreating process of a hydrocarbon oil composed of a gas oil fraction as a principal component, 
characterized in that the hydrocarbon oil is brought into contact with hydrogen under hydrotreating conditions 
in the presence of the above-described hydrotreating catalyst. 

One of the unique features of the hydrotreating catalyst according to the present invention resides in that the 
volume of pores having diameters in the range of from 30 to 100 A as measured by the nitrogen adsorption method 
and the volume of pores having diameters in the range of from 100 to 150 A as measured by the nitrogen adsorption 

so nnethod have been increased while maintaining a good balance there between. Representing the percentage of the 
total pore volume of the pores having the diameters of from 30 to 100 A based on that of the pores having the diameters 
of from 0 to 150 A [(30-100 A) / (0-150 A) ] by X and the percentage of the total pore volume of the pores having the 
diameters o1 from 100 to 150 A based on that of the pores having the diameters of from 0 to 300 A [(100-150 A)/(0-300 
A)l by Y, X ranges from 50 to 70%, preferably from 55 to 65%, while Y ranges from 1 5 to 40%, preferably from 1 6 to 30%. 

55 If X is smaller than 50% or greater than 70% or if Y is smaller than 15% or greater than 40%, the desulfurization 

and denitrogenation activities are reduced. In particular, one having a Y/X ratio of from 0.15 to 0.6, especially from 
0.25 to 0.45 is suited for the desulfurization and denitrogenation reaction. 

The specific surface area of the hydrotreating catalyst according to the present invention is at least 200 rr^/q, 
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preferably 220 m^/g or greater. A specific surface area of 200 m^/g or greater makes it possible to obtain the catalyst 
with the hydrogenation-activD metal component supported in a well-distributed fashion on the carrier. In addition, the 
preferable volume of the pores having the diameters of from 0 to 300 A in the hydrotreating catalyst according to the 
present invention may generally be at least 0.3 ml/g, notably from 0.4 to 0.6 ml/g as measured by the nitrogen adsorption 
method. A volume smaller than 0.3 ml/g makes it difficult to maintain the stable activity nriatntenance ability over a long 
time. Further the volume of the pores having the diameters of from 30 to 100 A may be at least 0.18 ml/g, with 0.2 ml/ 
g or greater being preferred, and the volume of the pores having the diameters of from 100 to 150 A may be > 0.06 
ml/g, with 0.08 to 0.18 ml/g being preferred. A hydrotreating catalyst obtained with such pores can exhibit both high 
desulturization activity and high denitrogenation activity. Moreover, the volume of the pores having the diameters of 
40 A and greater as measured by the mercury impregnating method may be at least 0.4 ml/g, with 0.4 to 0.65 ml/g 
being preferred. This range is important for the maintenance of the activity-maintenance ability. If the volume of the 
pores exceeds 0.65 ml/g, the bulk density of the catalyst is lowered^ resulting in a reduction in the packing density of 
the catalyst. This leads to a reduction in the effective quantity of the catalyst in a reactor, thereby failing to provide 
sufficient activities and involving a potential problem that the crush strength of the catalyst may be lowered. 

A description will next be made about the hydrotreating process according to the present invention, which makes 
use of the hydrotreating catalyst of the present invention. 

No partrcular limitation is imposed on the feed oil to be subjected to hydrotreatment, and distillates and residual 
oils from aimosprreric and vacuum disiniauon processes, cracked gas oil fraction, and mixtures thereof are all usable. 
However, particularly preferred are vacuum gas oil fraction, cracked gas oil, straight run gas oil and the like, which are 
usually difficult to achieve desuHurization and denitrogenation at the same time. VSacuum gas oil is a distillate, which 
is obtained subjecting atmospheric residual oil to vacuum distillation and has a boiling point in a range of from about 
370 to eiO'C. It contains sulfur, nitrogen and metals at significant levels. Taking a vacuum gas oil of Arabian crude oil 
by way of example, it has a sulfur content of from about 2 to 4 wt.% and nitrogen content off from about 0.03 to 0.2 wt. 
%. In addition, it also has a Conradson carbon residue of about 1 wt.% or so. Cracked gas oil is a cracked oil, which 
is obtained by thermal cracking of a residual oil and has a boiling point of about 200°C or higher. It is available, for 
example, from a coker, visbreaker or the like of a residual oil. In addition, light cycle gas oil (LCGO), heavy cycle gas 
oil (HCGO) and the like, which are available from catalytic cracking plants, can also be subjected to the hydrotreating 
process of the present invention. According to the hydrotreating process of the present invention, the above-described 
hydrodesulfurization and hydro-den it rogenation of vacuum gas oil can be conducted most effectively. 

Reaction conditions for hydrotreatment can be suitably chosen in accordance with the kind of a feed oil and target 
values of desulturization rate, denitrogenation rate and the like, although no particular limitations are imposed thereon. 
For example, the following conditions can be employed: reaction temperature. 280 to 420''C; reaction pressure, 20 to 
200 kg/cm3; hydrogen-containing gas rate, 100 to 270 liter/liter; and liquid hourly space velocity 0.5 to 4 V/H/V. As the 
hydrogen-containing gas, one having a hydrogen concentration in a range of from 60 to 100% can be used. 

The hydrotreating catalyst according to the present invention can achieve high desulturization and denitrogenation 
levels under severe reaction conditions that cause a relatively fast activity deterioration, especially even at a low reaction 
pressure. 

Upon conducting the hydrotreatment of a hydrocarbon oil, the hydrotreating catalyst can be used in any one of 
fixed-bed, fluidized-bed and moving-bed reaction systems. Adoption of a fixed bed Is however preferred from the ap- 
paratus or operation standpoint- Further, it is also possible to achieve high desulfurizalion and denitrogenation levels 
by conducting hydrotreatment in plural, that is, two or more reactors connected together 

It is preferable for the hydrotreating catalyst according to the present invention to conduct presulfurization prior to 
the hydrotreatment of a feed oil. As this presulfurization, a sulfur- containing distillate is fed to a reactor after the calcined 
catalyst is packed in the reactor. The sulfur-containing distillate is brought into contact with the catalyst under the 
following reaction conditions: temperature, 150 to ^OCC; pressure (total pressure), 20 to TOO kg/cm^; liquid hourly 

space velocity 0.3 to 2.0 V/H/V; and hydrogen-containing gas rate, 50 to 1,500 liter/liter, whereby the hydrogen ation- 
active metal component is subjected to sulfurization. After completion of the presulfurization, a sulfurK:ontaining dis- 
tillate is returned as a feed oil to the same reactor. Operation conditrans suitable for the desulfurizalion and denitro- 
genation of the feed oil are set, and a hydrotreating operatksn is started. As a method for conducting the pre-sulf urization, 
it is possible, besides such a method as described above, to directly bring hydrogen sulfide or another sulfur compound 
into contact with the catalyst or to add hydrogen sulfide or another sulfur compound to a suitable distillate and bring 
the thus-prepared distillate into contact with the catalyst. 

Examples 

The present invention will next be described nnore specifically by Examples and Comparative Examples. It should 
however be noted that the present invention is not limited by these Examples. 

Incidentally, the specific surface area, pore volumes and the like each hydrotreating catalyst were measured by 
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the following methods, and its average pore diameter was calculated as will be described below 
Specific surface area: 
5 Measured by the BET nitrogen adsorption isotherm. 

Pore volumes: 

Measured by the nitrogen adsorption method or the mercury porosimetry. 
^0 The nitrogen adsorption method and the mercury porosimetry, which were employed as measuring methods of 

pore volumes, are described in P.H. Emmett, et aL, "Catalysis", 1. 123, Reinhold Publishing Co. (1959) and "Shol^ubai 
Kogaku Koza (Catalyst Engineering Series)", 4, 69-78, K.K. Chijin Shokan (1964). 

For the nitrogen adsorption method, various correction methods have been proposed based on multimolecular 
layer adsorption. Of these, the BJH method [E.P. Barrett, L.G. Joyner and PR Halenda, J. Amer Chem. Soc., 73, 373 
^5 (1951)] and the CI method [R.W. Canstonand RA. Inkley, "Advances in Catalysis", IX, 143. Academic Press, New York 
(1 957)] are used in general. Data on pore volumes in the present invention were each obtained by using the adsorption 
side of a corresponding adsorption isothermal curve and performing a cateulation in accordance with the BJH method. 

!n the fT'.src'jr/ pcrcGirr.stry, tnc coruat;! a^^ auilace tension of mercury were set at 130* and 435 dyne/cm. 

respectively, and all pores were assumed to be cylindrical. 
20 Each average pore diameter was calculated in accordance with the BJH rnethod. It was calculated by the following 

calculation formula: 

4V/AX 10,000 [A] 

25 

Where 

V = volume of pores having diameters of 300 A and smaller, [ml/gl and 
30 A = specific surlace area as measured by the BET method. [nri2/g]. 

Example 1 (Catalyst A) 

A catalyst A having the properties shovm in Table 1 was produced as will be described next. 

3S Deiontzed water (3 liters) was heated to 70*C, in which 205 g of sodium aluminate were dissolved to prepare an 

aqueous solution of sodium aluminate the pH of which was about 12, 

While adding a solution of nitric acid tothe aqueous solution of sodium aluminate, the resulting mixture was adjusted 
to a predetermined pH range of from 8.8 to 9.2 over about 15 minutes. The mixture was subsequently allowed to age 
at 70**C for 0.5 hour whereby an aqueous solution containing a precipitate (gel) of alumina hydrate was obtained. 

To the aqueous solution, a solution of sodium silicate, which had been prepared by dissolving 69 g of No. 3 water 
glass in 200 g of deionized water, was added. The pH of the resulting mixture was adjusted to about 9 by adding a 
solution of nitric acid as needed. The resulting mixture was allowed to age at 7ff*C for 0.5 hour As a result, a slurry 
containing a precipitate (gel) of particulate alumina hydrate with a precipitate (gel) of silica hydrate deposited on sur- 
faces of the particulate alumina was obtained. 

^ The slurry was filtered, and the resultant fitterod cake was washed with an aqueous solution of ammonium car- 

bonate until the concentration of sodium in the filtrate became 5 ppm or lower 

The cake was kneaded within a kneader controlled at 80°C while drying it until a moldable water content was 
reached. By an extruder, the thus-kneaded cake was then formed into cylindrical pellets of 1 .5 mm in diameter The 
pellets so formed were dried at 1 20'C for 16 hours and were then calcined at 700*»C for 3 hours into a calcined carrier 

so The carrier was impregnated with a solution of cobalt nitrate (cobalt solution) until the content of the cobalt solution 

reached 4 wt.% in terms of CoO. The carrier so impregnated was dried at 120*C and then calcined at 450'*C. The 
resulting carrier was then impregnated with an aqueous solution of ammonium paramotybdata (molybdenum solution) 
until the content of the molybdenum solution reached 16 wt.% in terms of M0O3. The thus- impregnated carrier was 
dried at ISO^C and then calcined at 500'C, whereby the catalyst B was obtained. Physical properties, such as specific 

55 surface area and pore size distribution, and chemical composition of the catalyst A are presented in Table 1 . 
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Example 2 (Catalyst B) 

A carrier was obtained by the same production procedures as in Example 1 except that, upon preparation of the 
aqueous solution containing the precipitate (gel) of alumina hydrate, the time until the adjustment of the pH of the 
5 aqueous solution of sodium aluminate by the addition of the solution of nitric acid was changed to about 15 minutes 
and the pH was set at 9.2 to 9.6. 

The carrier was impregnated with a solution of cobalt nitrate and nickel nitrate (cobalt and nickel solution) until the 
content of the cobalt and nickel solution reached 4 wt.% in terms of CoO and 1 wt.% in terms of NiO. The carrier so 
impregnated was dried at 120''C and then calcined at 450'*C. The resulting carrier was then impregnated with an 
10 aqueous solution of ammonium paramolybdate (molybdenum solution) until the content of the molybdenum solution 
reached 16.0 wt.% in N4o03. The thus-impregnated carrier was dried and then calcined at 500*C, whereby the catalyst 
B was obtained. Physical properties and composition of the catalyst B are presented in terms of at 12CyC catalyst 
chemical Table 1 . 

^5 Example 3 (Catalyst CV 

A catalyst C was obtained by the same production procedures as in Example 1 except that, upon preparation of 
the aqueous solution containing the precipitate (gs!) cf alurr.ina hydrate, ihe iirne uniii ine aajusiment of the pH of the 
aqueous solution of sodium aluminate by the addition of the solution of nitric acid was changed to about 10 minutes 
20 and the pH was set at 8.6 to 9.0. Physical properties and chemical composition of the catalyst C are presented in Table 1 . 

Example 4 (Catalyst D) 

A carrier was obtained by the same production procedures as in Example 1 except that, upon preparation of the 
25 aqueous solution containing the precipitate (gel) of alumina hydrate, the lime until the adjustment of the pH of the 

aqueous solution of sodium aluminate by the addition of the solution of nitrk; acid was changed to about 20 minutes 

and the pH was set at 9.2 to 9.4. 

The carrier was impregnated with a solution of cobalt nitrate and nickel nitrate (cobalt and nickel solution) until the 

concept of the cobalt and nickel solution reached 4 wt.% in terms of CoO and 1 wt.% in terms of NiO. The carrier so 
30 impregnated was dried at 120°C and then calcined at 450°C. The resulting carrier was then impregnated with an 

aqueous solution of ammonium paramolybdate (molybdenum solution) until the content of the molybdenum solutkan 

reached 16 wt.% in terms of M0O3. The thus-impregnated carrier was dried at 120**C and then calcined at 500'C. 

whereby the catalyst D was obtained. Physical properties and chemical composition of the catalyst D are presented 

in Table 1 . 

35 

Example 5 (Catalyst E) 

Deionized water (3 liters) was heated to 70'*C. in which 220 g of sodium aluminate were dissolved to prepare an 
aqueous solution of sodium aluminate the pH of which was about 12. 

To the thus-prepared aqueous solution, a solution of nitric acid was next added over about 25 minutes to adjust 
the pH to a predetermined pH range of from 8.2 to 8.6. The resulting mixture was subsequently allowed to age at 70*0 
for 0.5 hour, whereby an aqueous solution containing a precipitate (gel) of alumina hydrate was obtained. To the aque- 
ous solution, a solution of sodium silicate, which had been prepared by dissolving 49 g of No. 3 water glass In 200 g 
of purified water, was added. The pH of the resulting mixture was adjusted to about 9 by adding a solution ol nitric acid 
4S as needed. The resulting mixture was allowed to age at 70°C for O S hour. As a result, a slurry containing a precipitated 
particles, which were composed of alumina hydrate and silica hydrate deposited on surfaces of the alumina hydrate, 
was obtained. 

The carrier, which had been obtained by filtering the slurry and then washing, forming, drying and calcining the 
resultant cake in the same manner as in Example 1 , was impregnated with a solution of cobalt nitrate and nickel nitrate 

50 (cobalt and nickel solution) until the content of the cobalt and nickel solution reached 4 wt.% in terms of CoO and 1 
wt.% in terms of NiO. The carrier so impregnated was dried at 1 20**C and then calcined at 450*'C. The resulting carrier 
was then impregnated with an aqueous solution of ammonium paramolybdate (molybdenum solution) until the content 
of the molybdenum solution reached 16 wt.% in terms of Mo03. The thus-impregnated carrier was dried at 120'C and 
then calcined at 500*C. whereby the catalyst E was obtained. Physical properties and chemrcal composition of the 

5S catalyst E are presented in Table 1 . 
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Comparative Example 1 (Catalyst R 

A commercially-available dGsulfurization catalyst was used. Its physical properties and chemical composition are 
presented in Table 1. 

5 

Comparative Example 2 (Catalyst G) 

The catalyst G presented In Table 1 was obtained by similar production procedures as in Example 1 except that, 
upon preparation of the aqueous solution containing the precipitate (gel) of alumina hydrate, the time until the adjust- 
10 ment of the pH of the aqueous solution of sodium alumlnate by the addition of the solution of nitric acid was changed 
to about 2 minutes and the pH was set at 9.6 to 9.8. 

Comparative Example 3 (Catalyst H) 

IS The catalyst H presented in Table 1 was obtained by similar production procedures as in Example 1 except that, 

upon preparation of the aqueous solution containing the precipitate (gel) of alumina hydrate, the time until the adjust- 
ment of the pH of the aqueous solution of sodium aluminale by the addition of the solution of nitric acid was changed 
lo about 1 TTTTnuleb and the pH was set at 10.0 to 10.4. 
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Example G 

Using th© catalysts A to E. hydrotreatment of vacuum gas oil was conducted under the below-described hydrot- 
reating conditions. Evaluation results ot dasulfurization and denitroganation activities are presented in Table 2. Inci- 
dentally, the sulfur levels of the thus-hydrotreated oils ranged from 0.05 to 1 wt .%, and their nitrogen levels ranged 
from 200 to 400 wt.ppm. 

Feed oil: vacuum gas oil 

Density: 0.922 g/m€ at 15*C 
Sulfur content: 2.0 wt.% 
Nitrogen content: 800 wt.ppm 
Hydrotreating conditions: 
Reaction temperature: 370'C 
Reaction pressure: 60 kg/cm^G 
Hydrogen gas/feed oil ratio: 1,200 SCF/B 
Liquid hourly space velocity: 1.0 hr^ 
Comparative Example 4 

Hydrotreatment was conducted in a similar manner as in Example 6 except that the catalysts R G. H were used 
in place of the catalysts A to E. Evaluation results of desulfurization and denitrogenation activities are also presented 
in Table 2. 

TABLE 2 





Examples 


Comparative Examples 


Catalyst 


A 


B 


C 


D 


E 


F 


G 


H 


Desulfurization Rate (%) 


102 


104 


ioa 


106 


118 


100 


84 


79 


Denitrogenation Rate (%) 


120 


135 


124 


132 


120 


100 


90 


82 



From the above Examples and Comparative Examples, it is evident that the catalysts A to E according to the 
present invention - in each of which the volume of pores having diameters of from 30 A to 100 A and the volume of 
pores having diameters of from 100 A to 150 A were both large, the pore distributions X and Y were well balanced, 
and the magnitude of Z was retained - are superior in both desulfurization rate and denitrogenation rate to the catalysts 
F, G, H in each of which the pore distribution ratio X/Y was biased or Z was insufficient. 

In the hydrotreating catalyst according to the present invention, the pore volume ratio Y of pores having diameters 
of from 100 to 150 A to pores having diameters of from O to 300 A [(1 00 to 1 50 A)/(0 to 30O A)] is larger compared with 
those of the conventionally-known hydrotreating catalysts and is well balanced with the pore volume ratio X of pores 
having diameters of from 30 to 100 A to pores having diameters of from 0 to 150 A [(30 to 100 Ay(0 to 150 A)] and, 
moreover, the pore volume ratio Z of pores having diameters of from 0 to 300 A to pores having diameters of 40 A and 
greater [(0 to 300 A) / (40 A and greater)] is large. These ratios are all sufficient. In the hydrodenitrogenation of vacuum 
gas oil or cracked gas oil containing a tot of nitrogen compounds which are poorly reactive and are hardly removable, 
the hydrotreating catalyst according to the present invention can achieve a high denitrogenation rate and. at the same 
time, can also attain a high desulfurization rate. Accordingly, the present invention can provide a gas oil fraction of 
ultimate high-quality as a fuel oil or as a raw material for catalytic cracking. 



Claims 

1 . A method of preparing a carriGr or support suitable for a hydrotreating catalyst, comprising the steps of: 
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(a) precipitating an alunntna gel from an aqueous solution containing an alun^inunn conrtpound by adding to the 
solution an alumina gel-forming precipitating agent over a time period in a range of from 5 to 30 minutes while 
maintaining the pH in a range of from 7 to 11 ; 

(b) adding an aqueous solution containing a silicon compound to the resulting alumina gel-containing mixture 
while maintaining the pH in a range of from 7 to 11 ; 

(c) recovering a silica-alumina composition; 

(d) calcining the silica-alumina composition, 

A carrier suitable for a hydrotreating catalyst comprising silica-alumina containing silica In a proportion of from 2 
to 40 wt.% based on the weight of the carrier, wherein: 

(1 ) the volume of pores having diameters in a range of from 30 to 100 A as measured by the nitrogen adsorption 
method accounts for 50 to 70% of the volume of pores having diameters in a range of from 0 to 150 A as 
measured by the nitrogen adsorption method, and the volume of pores having diameters in a range of from 
100 to 150 A as measured by ihe nliTOgen Bdscrptior, methocJ accounis for 15 to 40% of the volume of pores 
having diameters in a range of from 0 to 300 A as measured by the nitrogen adsorption method; and 

(2) the volume of the pores having the diameters in the range of from 0 to 300 A as measured by the nitrogen 
adsorption method accounts for at least 70% of the volume of pores having diameters of 40 A and greater as 
measured by mercury porosimetry. 

A method of making a hydrotreating catalyst comprising compositing at least one hydrogenation-active metal com- 
ponent with a carrier prepared by the method of claim 1 or with a carrier according to claim 2. 

A hydrotreating catalyst composed of a carrier, which is formed of silica-alumina containing silica in a proportion 
of from 2 to 40 wt.% based on the whole weight of said carrier, and at least one hydrogenation-active metal com- 
ponent supported on said carrier, characterized in that: 

(1 ) the volume of pores having diameters in a range of from 30 to 1 00 A as measured by the nitrogen adsorption 
method accounts for 50 to 70% of the volume of pores having diameters in a range o1 from 0 to 150 A as 
measured by the nitrogen adsorption method, and the volume of pores having diameters in a range of from 
100 to 150 A as measured by the nitrogen adsorption method accounts for 15 to 40% of the volume of pores 
having diameters in a range of from 0 to 300 A as measured by the nitrogen adsorption method; 

(2) the volume of the pores having the diameters in the range of from 0 to 300 A as measured by the nitrogen 
adsorption method accounts for at least 70% of the volume of pores having diameters of 40 A and greater as 
measured by mercury porosimetry; and 

(3) said catalyst has a specific surface area of at least 200 m2/g. 

A process for the hydrotreatment of a hydrocarbon oil, characterized in that said hydrocarbon oil is brought into 
contact with hydrogen in the presence of a hydrotreating catalyst made by the method of claim 3 or in accordance 
with claim 4. 
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